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The structure of the adult retina 
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Retina’s layered structure 
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The structure of the retina during 
development 
Light X	
Retina’s layered structure 
is shaped during development 
But How? Retinal waves! 
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Retinal waves 




(Maccione et al. 2014) 
ΜΕΑ recording of the voltage from 
a P11 mouse retina in the presence 
of 10 μM bicuculline.  
Spontaneous spatio-temporal 
waves during development 
Disappear short  after birth 














































Variability within retinal waves 
























Godfrey et al. 2007 
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Variability within retinal waves 
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Zheng et al. 2004 
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ii) Development 
Variability within retinal waves 
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Variability within retinal waves 
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iv) Spatial Variability 
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R R R R
Activated
Ca-gated K+ channel
Ca 4 Calcium ions bound to each saturated
 Calmodulin complex S
Saturated Calmodulin molecule (CaM) bind 
to each channel subunit
All 4 subunits R of the channel are bound 
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Variability within retinal waves 
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Variability within retinal waves 
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Interburst intervals 
Variability within retinal waves 
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Interburst intervals 



















Cellular mechanisms of stage II retinal waves
Zheng et al. 2006
C. Synchrony through Acetylcholine
Mutual excitatory  






•  Waves speed 
Propaga8on	threshold	
Variability within retinal waves 
Zheng et al. 2004 
ii) Development 
iv) Spatial Variability 





































Variability within retinal waves 
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iv) Spatial Variability 
Zheng et al. 2 04 
ii) Development 
iii) Pharmacology 
Conclusion	
•  Biophysical	model	of	stage	II	re8nal	waves	relevant	at:	
•  The	cells	scale	(burs.ng,	experimental	match	and	predic.ons)	
•  The	network	scale	(waves	propaga.on)	
•  The	developmental	level	(evolu.on	of	ionic	channels	and	synapses).	
•  Theore8cal	descrip8on	via	bifurca8on	theory	
•  Burs.ng	
•  Interburst	variability	
•  Waves	paQerns	
•  Next	step:	reac8va8ng	waves	in	adults.	
	
